using the umu test system have been previously reported 9, 10) . The SOS response is induced by an alteration in DNA synthesis, either directly by DNA damage leading to block of the replication fork or indirectly by anti-biotics, such as novobiocin, which are known to inhibit DNA synthesis. The SOS regulatory system is controlled in part by the interplay of two proteins: -the lexA protein, which represses a set of unlinked genes during normal cell growth, and the recA protein, which is required for in vivo inactivation of lexA protein following treatment that deregulates the system by DNA damaging its metabolism [11] [12] [13] . Phytoncides are natural antibiotic volatile compounds emitted by trees and plants as a protective mechanism against the harmful insects and animals or micro-organism. The inhalation of phytoncides is known as forest bathing and aromatherapy. Forest bathing is most effective in the conifer forests consisting of pine trees, and big-cone pine trees, and in particular, Chamaecyparis obtusa ("Hinoki" in Japanese). It has been reported that physiological effects of phytoncides contribute to the improvement of various disorders including accelerated aging, allergies, multiple sclerosis, and Parkinson disease 14, 15) . We have previously reported that the antioxidative potential of phytoncides and its effect on reducing oxidative stress response in stroke-prone spontaneously hypertensive rats 16, 17) . Additionally, phytoncides enhance the activity of the human NK cells 18) . The major ingredients of phytoncide are highly volatile terpenenoids such as a-pinene, careen, and myrcene. Terpenoids are contained in essential oils from plants. Monoterpenoids have been isolated from the oils of many higher plants and are valuable in the perfumery and flavor industries. They are also found in nature as insect pheromones and defense secretions and in many marine organisms, where they are usually halogenated. The biosynthetic pathways of the main classes of monoterpenes have been well studied. There are several reports of antimutagenicity studies performed on the terpenoids 19, 20) . However, no studies have been conducted to investigate the potential of phytoncide solutions on the suppression of SOS-inducing activity. This study examined the suppressive effects of these chemical components (hereinafter referred to as phytoncide solutions) released from plants, widely distributed in nature.
In the present study, we show that four different types of phytoncide solutions: A-Type (from trees), AB-Type (from highly bacteriocidal plants), D-Type (from flowering grasses) and G-Type (from non-allergenic plants), isolated from a combination of various plants selected based on their characteristics, effectively exhibited a suppression of the chemical and physical mutagens-induced SOS response in S. typhimurium TA1535/pSK1002. The aim of this study was to elucidate the potential of phytoncide solutions for the prevention of mutagenicity. We hypothesize that these four types of phytoncide solutions might be useful as a cancer chemopreventive agent.
EXPERIMENTAL

1
Four phytoncide solutions: A-Type, AB-Type, D-Type and G-Type were a gift from PHYTON TAO 118 Inc. (1-1 Sakuragaoka Yao, Osaka, 581-0869, Japan). 2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide (furylfuramide), 4-nitroquinoline 1-oxide (4NQO), N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), 2-aminoanthracene (2AA), and 3-amino-1,4-dimethyl-5H-pyrido [4,3-b] indole (Trp-P-1) were purchased from Wako Pure Chemical Co. S9 (supernatant of 9000 g) and coenzyme, NADPH, NADH, and G-6-P were purchased from Oriental Yeast Co.
2
The four phytoncide solutions were analyzed by GC-MS (Hewlett Packerd HP 6890GC, Hewlett Pakerd HP5973 MSD, column TC-WAX, 60 m 0.25 mm id), 70 (5min hold)~240 (3 /min), injection at 240 , library : NIST (National Institute of Standards and Technology).
3 Umu
The umu test for detecting the chemicals induction of SOS response was carried out according to the method of Oda et al. 4) using S. typhimurium TA1535/pSK1002, in which a plasmid (pSK1002) carr ying the fused gene (umuC'-'lacZ) had been introduced. The overnight culture of bacterial strain was diluted 50-fold with TGA medium (1% Bactotryptone, 0.5% NaCl, and 0.2% glucose; supplemented with 20 mg/L ampicillin) and incubated at 37 until the density reached 0.25-0.30 in OD 600 . The bacterial culture was then subdivided into 2.1 mL portions in test tubes, along with test compound (50 mL, diluted in 0.1M phosphate buffer), and mutagens, furylfuramide (50 mL, 2 mg/mL in dimethyl sulfoxide (DMSO)), 4NQO (50 mL, 20 mg/mL in DMSO), MNNG (50 mL, 200 mg/mL in DMSO), and activated Trp-P-1 (50 mL, 10 mg/mL in DMSO). In case of 2AA (50 mL, 20 mg/mL in DMSO) and Trp-P-1 (50 mL, 40 mg/mL in DMSO), 300 ml of S9-metabolizing enzyme mixture including the cofactors was added instead of the phosphate buffer. As a positive control, an equivalent volume of phosphate buffer was added instead of the test compound, and the negative control was an equivalent volume of phosphate buffer and DMSO. After 2 h of incubation, at 37 with shaking, the culture was centrifuged (3000 rpm) to collect the cells, the SOS-inducing potency was estimated by the measurement of the umu operon expression in terms of cellular b-galactosidase activity. The units of bgalactosidase activity were calculated according to the method of Miller 21) .
2 4 1 Preparation of activated Trp-P-1 was carried out according to the method of Arimoto et al. 22) .
5
The cultures of the tester bacterial strain (S. typhimurium TA1535/pSK1002) were collected by centrifugation and suspended in 5 mL of 0.1 M phosphate buffer. The cell suspensions were then poured into Petri dishes and exposed to UV light (4.0 J/m 2 ) for 20 s using a germicidical lamp at room temperature.
RESULTS
1
GC-MS analyses of chemical components of the four types of phytoncide solution revealed the same chemical constitution, but in different proportions (GC%, ). Monoterpenes and sesquiterpenes were confirmed as the major components of the phytoncide solutions, along with phenols and hydrocarbons ( ). A gas chromatogram of A-Type and G-Type phytoncide solutions is shown in as an example of GC-MS analyses.
2
Four types (A-Type, AB-Type, D-Type, and G-Type) of phytoncide solutions were evaluated using the umu test. All of the phytoncide solutions exhibited inhibition of the furylfuramide-, 4NQO-, and MNNG-induced SOS response ( ). With furylfuramide, the A-Type, AB-Type, DType, and G-Type solutions suppressed the SOS-inducing activity at a concentration of 100 mg/mL by 86.1%, 74.7%, 69.5%, and 55.4%, respectively, and the ID 50 (50% inhibitory dose) values were 9.0 mg/mL, 22.5 mg/mL, 36.0 mg/mL and 72.8 mg/mL, respectively ( ). With 4NQO, the solutions suppressed the SOS-inducing activity at a concentration of 100 mg/mL by 80.3%, 72.4%, 67.2%, and 46.4%, respectively, and the ID 50 values were 10.5 mg/mL, 23.6 mg/mL and 30.0 mg/mL, respectively. With MNNG, the solutions suppressed the SOS-inducing activity at a concentration of 100 mg/mL by 58.1%, 51.5%, 45.3% and 32.4%, respectively, and the ID 50 values were found to be 45.4 mg/mL and 86.6 mg/mL, respectively. The suppressive effects of A-Type, AB-Type, D-Type, and G-Type of phytoncide solutions with furylfuramide are similar to the suppressive effects observed in the case of 4NQO. The A-Type, AB-Type, DType, and G-Type of solutions had a stronger suppressive effect with furylfuramide and 4NQO than they did with MNNG.
The phytoncide solutions were also assayed with 2AA and Trp-P-1, which require liver metabolic activation ( ). With 2AA, the A-Type, AB-Type, D-Type, and GType of phytoncide solutions suppressed the SOS-inducing activity at a concentration of 100 mg/mL by 86.8%, 80.2%, 91.5%, and 61.4%, respectively, and the ID 50 values were 12.4 mg/mL, 21.8 mg/mL, 6.9 mg/mL, and 40.6 mg/mL, respectively ( ). With Trp-P-1, the solutions suppressed the SOS-inducing activity at a concentration of 100 mg/mL by 81.5%, 75.4%, 88.0%, and 64.0%, respectively, and the ID 50 values were 17.5 mg/mL, 24.5 mg/mL, 9.0 mg/mL, and 40.0 mg/mL, respectively ( ). The suppressive effects of AB-Type, D-Type, and G-Type of phytoncide solutions with 2AA are similar to the suppressive effects observed in the case of Trp-P-1. According to the umu test results, the A-Type phytoncide solution had the strongest suppressive effect with furylfuramide, 4NQO, and MNNG, and the D-Type phytoncide solution had the strongest suppressive effect with 2AA and Trp-P-1.
1
The suppressive activity of A-Type, AB-Type, D-Type, and G-Type phytoncide solutions on the metabolic activation of Trp-P-1 were determined by the umu test. The values for activated Trp-P-1 were calculated by assaying bgalactosidase activity in the absence of the four phytoncide solutions. As shown in and , the A-Type, ABType, D-Type, and G-Type of phytoncide solution suppressed the SOS-inducing activity on activated Trp-P-1 at a concentration of 100 mg/mL by 39.4%, 34.6%, 47.1 and 14.9%, respectively. These results suggested that the suppressive effect of A-Type, AB-Type, D-Type, and G-Type phytoncide solutions on activated Trp-P-1 was decreased as compared to that of the non-activated Trp-P-1 in the umu test.
4
The suppressive effects of the phytoncide solutions on UV irradiation-induced SOS response were determined using the umu test ( ). The A-Type, AB-Type, and D-Type of phytoncide solutions suppressed the SOS-inducing activity due to UV irradiation at a concentration of 100 mg/mL by 32.0%, 27.0%, 41.4% and 11.5%. The G-Type phytoncide solution hardly exhibited any inhibitory activity against the UV irradiation-induced SOS response ( ).
DISCUSSION
The four types (A-Type, AB-Type, D-Type and G-Type) of phytoncide solutions showed suppressive effects on umu gene expression of the SOS response in S. typhimurium TA1535/pSK1002 against MNNG, furylfuramide and 4NQO, which do not require liver metabolizing enzymes, and against 2AA and Trp-P-1, which require liver
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c Activated Trp-P-1 added at 50 mL. Activated Trp-P-1was added at 50 mL. metabolizing enzymes, and UV irradiation. Moreover, according to our data the A-Type, AB-Type, D-Type, and G-Type of phytoncide solutions did not exhibit any toxic effects on the bacterial tester strain. Thus, the decrease in b-galactosidase activity cannot be due to the decrease in cell viability. Monoterpenes and sesquiterpenes were confirmed as the major components of the phytoncide solutions, along phenols and hydrocarbons.
It is reported that monoterpenoids with a p-menthane skeleton suppressed the furylfuramide-induced SOS response using the umu test 23) . The phytoncide solutions used in this study exhibited greater suppression of the SOS response than terpenoids did in this test. Therefore, these types of phytoncide solutions were expected to be more effective antimutagens than terpenoids.
As for the component-activity relationships, A-Type, AB-Type, D-Type, and G-Type phytoncide solutions had distinctly different suppressive potencies against the former mutagens, according to their component patterns. As shown in and , the A-Type phytoncide solution had the strongest suppressive potencies against furylfuramide, 4NQO, and MNNG as compared to the other phytoncide solutions did. In contrast to the other types, the A-Type solution contains a greater concentration of alcohols such as guaicol, benzylalcohol and b-phenethyl alcohol ( and ). This could be one of the important factors that is responsible for the enhanced suppression of the SOS-inducing activities against furylfuramide, 4NQO and MNNG. On the other hand, the D-Type phytoncide solution had the strongest suppressive potencies against 2AA and Trp-P-1, which require liver metabolizing enzymes ( and ) . In contrast to the other types, the D-Type solution contains increased amounts of terpeneols such as a-tereol and cedrol 16) . This factor could be the responsible for the increased potency of D-Type solution for suppressing the SOS-inducing activity against 2AA and Trp-P-1.
For mutagenic activation of furylfuramide (cis form), cistrans isomerization [24] [25] [26] and reduction of the nitro group of 5-nitrofuran 27, 28) are important in the metabolic pathway. The cis-trans isomerization is based on the formation of nitro anion radicals. Cis-furylfuramide receives a single electron derived from an enzyme system to form the anion radical. Spin density on the olefinic double bond results in free rotation between the olefinic carbons followed by conversion to its thermodynamically more stable trans isomer. The nitro group of 5-nitrofyran is activated by the reductive metabolism associated with nitroreductases in bacteria. The main pathway for nitrofuran activation would be via reduction to a hydroxylamine intermediate, which could react with DNA though a nitronium ion. An alternative reactive intermediate, the ring-opened acrylonitrile derivative, can form through the rearrangement of hydroxylamine intermediate. It has been shown that the acrylonitrile derivative readily forms conjugates with glutathione, mercaptoethanol, and thiol groups of proteins. These conjugates increase the mutation frequency in S. typhimurium TA100, suggesting that the acrylonitrile derivative is also capable of interacting with DNA. Phytoncide solutions exhibited inhibition of SOS induction by furylfuramide. Therefore, phytoncide solutions may act by blocking these
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reactive metabolic pathways and/or activating the nitro anion radicals on furylfuramide. For the activation of the potent mutagen 4NQO, metabolic activation of 4NQO by nitro reduct enzyme to 4-hydroxyaminoquinoline (4HAQO) 29, 30) , followed by the reaction of 4HAQO with DNA to yield three primary adducts (N2-guanine, C8-guanine, and N6-adenine adducts) 31) , and access of 4NQO and/or 4HAQO to the target cell of the bacteria are necessary. Phytoncide solutions exhibited inhibition of SOS induction by 4NQO. Therefore, phytoncide solutions may block the reactive metabolic activation of 4NQO by the nitro reduction enzymes in the bacterial cells.
Blocking effects of phytoncide solutions could also be caused by the possible involvement of their antioxidant and scavenging properties. Phytoncide solutions have antioxidant and radical scavenging activities 16) . Therefore, the suppression of mutagenic activity by phytoncide solutions could arise from their scavenging ability to trap hydoroxyl radicals originating from metabolites of furylfuramide and 4NQO and/or activation of nitro anion radicals on furylfuramide with a hydroxyl group.
Many alkylating mutagens have similar structures and mechanisms for metabolic transformation to alkonium ion, a well-known active electrophilic mutagen 32) . Therefore, one can hypothesize that the mode of antimutagenic action of phytoncide solutions on all mutagens of this group would be similar. Nevertheless, the predicted effect has not been observed for N-methyl-N-nitrosourea or dimethylnitrosamine 33) . Phytoncide solutions exhibited inhibition of SOS induction by MNNG. Consequently the reasons for such contradictory behavior of phytoncide solutions may be related to structural characteristics of MNNG. The phytoncide solutions and MNNG are unable to undergo a metabolic transformation leading to the formation of alkonium ion. It is likely to that both reduced and oxidized phytoncide solutions possess nucleophilic properties and can react with electrophilic MNNG, thus binding MNNG to a steady non-mutagenic complex.
The A-Type, AB-Type, D-Type, and G-Type phytoncide solutions were examined for the ability to suppress the metabolic activation of Trp-P-1 by the cytochrome P450 contained in S9. As shown in and , the AType, AB-Type, D-Type, and G-Type phytoncide solutions suppressed the weaker SOS induction by the activated Trp-P-1 rather than by Trp-P-1. This result suggests the possibility that the inhibition of the SOS-inducing activity by Trp-P-1, caused by the A-Type, AB-Type, D-Type, and G-Type phytoncide solutions, was due to the inhibition of metabolic activation by the cytochrome P450 contained in S9.
The A-Type, AB-Type, and D-Type phytoncide solutions had a suppressive effect on umu gene expression of SOS response in S. typhimurium TA1535/pSK1002 against UV irradiation ( and ). The antimutagenic factors are divided into two main classes: one type, desmutagen, inactivates or destroys mutagens directory or indirectly out of the cell, and the other type of factor is called bioantimutagen, which suppresses the process of mutagenesis itself in the cells. From our results, it appears that the mechanism for the inhibition of the SOS-inducing activity of the A-Type, AB-Type, and D-Type phytoncide solutions involves not only direct action on the mutagens but also involvement of cellular repair systems. Based on these observations, it seems that the A-Type, AB-Type, and DType phytoncide solutions can be classified as potential bioantimutagens.
In summary, this study suggests that the four types (AType, AB-Type, D-Type and G-Type) of phytoncide solutions showed potent suppressive effects on the SOS-inducing activity induced by chemical mutagens and UV irradiation. These results suggest that these phytoncide solutions can have application as potential cancer chemo-preventive agents. However, phytoncide solutions may not exhibit their expected effects in vivo if adversely affected by factors such as absorption, distribution and metabolism once inside the human body. Further studies with mammalian cells in vitro and in vivo are needed to determine the efficacy of phytoncide solutions for the prevention of human cancer.
